In vitro modelling of cortical neurogenesis by sequential induction of human umbilical cord blood stem cells.
Neurogenesis of excitatory neurons in the developing human cerebral neocortex is a complex and dynamic set of processes and the exact mechanisms controlling the specification of human neocortical neuron subtypes are poorly understood due to lack of relevant cell models available. It has been shown that the transcription factors Pax6, Tbr2 and Tbr1, which are sequentially expressed in the rodent neocortex, regulate and define corticogenesis of glutamatergic neocortical neurons. In humans the homologues of these genes are generally expressed in a similar pattern, but with some differences. In this study, we used purified human umbilical cord blood stem cells, expressing pluripotency marker genes (OCT4, SOX2 and NANOG), to model human neocortical neurogenesis in vitro. We analyzed the expression patterns of PAX6, TBR2 and TBR1, at both protein and mRNA levels, throughout the 24 days of a sequential neuronal induction protocol. Their expression patterns correlated with those found in the developing human neocortex where they define different developmental stages of neocortical neurons. The derived cord blood neuron-like cells expressed a number of neuronal markers. They also expressed components of glutamatergic neurotransmission including glutamate receptor subunits and transporters, and generated calcium influxes upon stimulation with glutamate. Thus we have demonstrated that it is possible to model neocortical neurogenesis using cord blood stem cells in vitro. This may allow detailed analysis of the molecular mechanisms regulating neocortical neuronal specification, thus aiding the development of potential therapeutic tools for diseases and injuries of the cerebral cortex.